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@ Error detection and correction systems. 

® Apparatus is provided for perfomi.ng a method for detecting and correcting errors in 

occuTduring arithmetic operations of at least two o,5erands. Specifically, two operands are operated on to^obtein 

Tresuft ?^ld^ are added to one another. This adding step is ^^^^^"^^^ ^'^^^^^ 

Lhieved, The 2gits of each of the operands atre added to one another to obtain an 

of the intermedii sum. in turn, are added to one another. Once ^9^"' ^P!:^'^^^ 

single digit is achieved. The first single digit number is compared with tiie second single digit number and a 
signal indicative of error is generated if the comparison is unsuccessful. . ^ 

Tn order to correct the eror. the digits of each of the operands are added to one another to obt^n an 
Sintemiediate sum. Sequentially, a digit is subtracted from tiie partial surn of tiie remaning ^'^J^^^^ ^^^^ 
^operands. The results of the subtraction for each operand are added to one ^"^^^^"^ f .!,"f^ 
^seauential cycle to obtain a set of aiguments, each of which is subtracted from the intermediate sum to obtain a 
SSror^^rd^^^^^^^^ The partiaTdifferences are concatenated to obtain a transitional value. By eliminating 
^ certain digits, a con'ect value of tine arithmetic operation is obtained. 
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ERROR DETECTION AND CORRECTION SYSTEMS 

The present invention relates to an enror detection and con-ection system and, more particularly, to a 
system for detecting and correcting calculafion errors that occur in a computer processor or an arithmetic . 

logic unit (ALU). ^ ^ . . 

In the field of computer technology, much effort has been expended in attempting to improve and 
5 ensure integrity of data processing. Specifically, whenever data is transfen^ed from one component of a 
computer system to another and whenever data is mathematically manipulated, there is a risk that resulting 
data will be inaccurate. In certain high perfonmance computing systems, the risk Is increased by the fact 
that a great number of data transfers or mathematical operations occur in a short period of time. 

Almost since the inception of computer processors, error detection and correction mechanisms have 
10 been devised to help reduce the risk of inaccurate data transfer and manipulation. Heretofore, one of tiie 
conventional approaches to ensure data integrity has been to add a code to a data stream prior to 
transferring or arithmetically manipulating it. This approach has proven relatively successful, but only for 
certain types of operations. u u 

One of the earliest metiiods for detecting errors during data transfers, for example, was tine parity checK 
15 code. A binary code word has odd parity if an odd number of its digits are Vs. For example, tiie number 
1011 has three 1 digits and ttierefore has odd parity. Similariy. the binary code word 1100 has an even 
number of 1 digits and tiieref ore has even parity. 

A single parity check code is characterized by an additional check bit added to each data word to 
generate either odd or even parity. An error in a single digit or bit in a data word would be discernible since 
20 the parity check bit associated witti tiiat data word would then be reversed from what is expected. Typically, 
a parity generator adds the parity check bit to each word before transmission. This technique is called 
padding ttie data word. At the receiver, me digits in the word are tested and if the parity is inconrect. one of 
the bits in the data word is considered to be in enror. When an en-or is detected at a receiver, a request for 
a repeat ti-ansmission can be given so ttiat the enror can be con-ected. Only enrors in an odd number of 
-25 digits can be detected vwth a single parity check, since an even number of en-ors results in the parity 
expected for a con-ect transmission. Moreover, the specific bit in enor cannot be identified by tiie parity 
check procedure as hereinabove described. 

A more sophisticated error detection system was later devised. Data words of a fixed iengtii of bits 
were grouped into blocks of a fixed number of data words each. Parity checks were then perfomied 
30 between different data words as well as for each individual data word. The block parity code detected many 
patterns of errors and could be used not only for en-or detection, but also for emDr conrection when an 
isolated error occurred in a given row and column of the matrix. While these geometric codes were an 
improvement over parity check bits per se. they still could not be used to detect errors tiiat were even in 
number and symmetrical in two dimensions. 
36 After parity check codes and geometric codes were devised, a code was invented by Hamming, after 
whom it is named. The Hamming code is a system of tnultiple parity checks that encodes data words in a 
logical manner so tiiat single enrors can be not only detected but also identified for conrection. A transmitted 
data word used in ttie Hamming code consists of tiie original data word and parity check digits appended 
thereto. Each of the required parity checks is perfonned upon specific bit positions of the transmitted word. 
40 The system enables tiie isolation of an enroneous digit whetiier it is in one of ttie original data word bits or 
in one of the added parity check bits. ^ 

If all tiie parity check operations are performed successfully, tiie data word is assumed to be error free. 
If one or more of tiie check operations is unsuccessful, however, the single bit in en-or is uniquely 
determined by decoding so-called syndrome bits, which are derived from the parity check bits. Once again. 
45 only single bit errors are detected and corrected by use of ttie conventional Hamming code. Double bit 
errors, although detectable by the Hamming code, are not correctable. 

The Hamming code is only one of a number of codes, generically called en'or con-ecting codes 
(EGG'S). Codes are usually described in mattiematics as closed sets of values ttiat comprise all the allowed 
number sequences in the code. In data communications, transmitted numbers are essentially random data 
50 patterns which are not related to any predetemnined code set. The sequence of data, ttien, Is forced into 
compliance witti tiie code set by adding to it at tine transmitter, as hereinabove mentioned. A scheme has 
heretofore been developed to detemnine what precise exfra string to append to tiie original data stream to 
make the concatenation of transfhitted data a valid code. There is a consistent way of extracting tiie original 
data from tiie code value at ttie receiver and to deliver tiie actual data to the location where it is ultimately 
used. For tiie code scheme to be effective, it must contain allowed values sufficiently different from one 



RIJ.«?nCCID: <EP ._oaee33iA2_L> 



BEST AVAILABLE COPY 



EP 0 366 331 A2 



10 



75 



20 



25 



another SO that expected errors do not alter an allowed value such that it becomes a different allowed value 
of the code. 

A cyclic redundancy code (CRC) consists of strings of binary data evenly divisible by a generator 
polynomial, which is a selected number that results in a code set of values different enough from one 
another to achieve a low probability of an undetected error. To determine what to append to the stnng of 
oriolnal data, the original string is divided as it is being transmitted. When the last data bit is passed, the 
remainder from the division is the required string that is added since the string including the remainder is 
evenly divisible by the generator polynomial. Because the generator polynomial is of a known length, the 
remainder added to the original string is also of fixed length. ^. ^ 

At the receiver, the incoming string is divided by the generator polynomial- If the incoming string does 
not divide evenly, an en-or is assumed to have occun-ed. If the incoming string is divided by the generator 
polynomial evenly, the data delivered to the ultimate destination Is the incoming data with the fixed lengtti 

remainder field removed. \. \^ ^ , «r 

It has been found, however, that appending or concatenating a code to data to be transferrea or 
arithmetically manipulated Is burdensome, requiring additional and often extensive logic to Kcomplish. 
Moreover, the time required to generate the code on the transferring end and to decode and venfy^the code 
on the receiving end is. in certain cases, unacceptable. In the case of data manipulation and venfication of 
proper ALU operatibn especially, additional codes result in inefficient performance. 

Moreover the aforementioned error detection and/or correction systems have been used most generally 
in transmitting and receiving data, rather than In acting on data mathematically. Thus, the communications 
channels were tested, but the computing engines were not Techniques for con-ecting emjrs in arithmetic 
operations have conventionally been relegated merely to reperforming the same operations on the same 
processor or on other processors. . , ^ , u.^ 

Rnally due to an inevitable comparison step in the detection cycle of the processes of the Pno' a^. 
correction of errors could occur only some appreciable time thereafter - an untenable situation for high 
speed processing units. . * rt,^ 

It would be advantageous to provide a system tor detecting errors in arithmetic operations without the 
need of composing and decoding a code appended to a data stream. . \i 

It would also be advantageous to provide a system for detecting and conrocting errors m anthmehc 
30 operations by using a minimum amount of logic. _^ • •*u«»,4.. 

It would also be advantageous to provide a system for detecting and correcting enors in anthmetic 
ooerations in a *ort period of time <e.g.. one or two clock cycles). . « 

It would further be advantageous to provide a system for detecting and conecdng errors in anthmetc 
operations that would provide a signal indicating that an error occun-ed therein, while the results of such 
35 arithmetic operations could nevertheless be corrected automatically. . ^ « 

It would also be advantageous to provide a system for preempting inconrect results of an arithmetic 
operation with correct results therefor. 

It would also be advantageous to provide a system for detecting and correcfing errors in anthrriete 
operations in which two arithmetic logic units could calculate the arithmetic operation independently and by 

40 different techniques, thus arriving at verifiable accurate results. \. ^ \ ^ >. ^ „^ 

Accordingly, there is descnTjed herein apparahjs for performing a method of detecting and correcting 
errors in one clock cycle that occur during arithmetic operations of at least two operands. Specifically. Iwo 
operands are operated on to obtain a result The digits of the result are added to one another. This adding 
s^ is repeated unBI a first single digit is achieved. The digits of each of the operands are added to one 
45 another to obtain an intermediate sum. The digits of the intemiediate sum. in tum^^e added to one 
another Once again, this operation is repeated until a second single digit is achieved. The first single digit 
number is compared with the second single digit number and a signal Indicatwe of error is generated if the 

comparison is unsi«cessful. \^ ^ ■ 

In order to correct the error, the digits of each of the operands are added to one another to obtain an 

50 intermediate sum. Sequentially, a digit is subtracted from the partial sum of the remaning digits of each of 
the operands. The results of the subtraction for each operand are added to one another at the^end of each 
sequential cycle to obtain a set of arguments, each of which is subtracted from the intermediate sum to 
obtain a set of partial differences. The partial differences are concatenated to obtain a transitonal value. By 
eliminating certain digits, a correct value of the arithmetic operation is obteined. „^„„.„„ 

56 One example of the present invention will now be described with reference to the accompanying 

drawings, in which: . ^ _^ . « 

HGURE 1 is a btock diagram of a self-checking unit embodying the present invention; 
RGURE 2 is a block diagram of the enror detection and conrecMon units shown In RQURE 1 : 
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FIGURE 3 is a btock diagram of the BCD adder shown in FIGURE 2; 
FIGURE 4 is a block diagram of the BCD compression unit shown in FIGURE 2; and 
RGURE 5 is a timing diagram depicting system operation. 
Refening now to FIGURE 1 . there is shown a btock diagram of a self-checking unit 
5 A data line 10 transmits a DBO data signal representative of a first operand and another data line 12 
transfers a DB1 data signal from a second operand. The 1 6-bit signals transmitted over lines 10 and 12 are 
applied to an arithmetic logic unit (ALU) U. the operation of which is described in further detail hereinbelow. 
The ALU 14 can be any general purpose i 6-bit processor, such as a Model No. 29116 microprocessor 
manufactured by Advanced Micro Devices, Inc. The data agnals oyer lines 10 and 12 are also applied to an 
70 enxDr detection and correction (EDO) unit 16. x 
The output of ALU 14 is also applied over a 16-bit line to EDO unit 16, but is delayed for a penod of 
time due to the performance of arithmetic calculations within the ALU 14. The EDO unit 16 is electrically 
connected to a comparator 20 over a pair of 4-bit data lines 22 and 24. The comparator 20 may be any 4- 
bit comparator, such as Model No. SN54585 manufactured by Texas Instmments, Inc. 
75 The output from comparator 20 is applied to a 16-bit data selector 26. The comparator 20 generates a 
one bit status signal over line 30. Also applied to the data selector 26 is an output signal from ALU 14 over 
line 32. 

. Thus, the en-or detection and correction subsystem, shown in phantom in FIGURE 1 . comprises three 
components: the EDC unit 16, the comparator 20 and the data selector 26. 

As mentioned, the comparator 20 generates a status signal over line 30. The status line 30 is applied 
not only to the data selector 26, as prevtously mentioned, but also to an error flag, not shown, over line 34. 
The error flag status is input to a status register, not shown, for further processing. 

The output of data selector 26 is a 16-bit signal over line 36 sent to a microprocessor system, not 

ishown. ...V *w * 

At this point it would be most helpful to understand the theoretical principles on which ttie present 

invention is based. 

Consider two 2-diglt numbers or operands to be added: 

49and 68 

a> By vertical (standard) addition: 49 

■ +68. ■ ■ 

The result is 117 

35 

Let operand 48 be represented by the variable X 

X = (xiX2) where xi = 4 and X2 = 9, the individual digits. , 
In the foregoing and all subsequent equations herein, equal signs ( = ) do not necessarily indicate 

mathematical equivalence or identify, but are used for purposes of this disclosure merely as a convenient 
symbolic convention. 

Let 68 be represented by the variable Y. 
Y = (yi.y2) where yi = 6 and y2 -8 

Since X + Y « 117. standard vertical addition can be represented as: 
45 (xi +yi) + (X2 + y2) « 117 (eq. 1) 

However, adding the digits of operand X, xi and X2, results in: 

XI +X2 =13 

and adding digits yi and ya results in: yi +y2 =14. 
(xi +X2) + {yi+y2) « 13 + 14 = 27 (eq.2> 
50 Equation 1 is obviously not equal to equation 2, 

From equation 1 . tiie digits of value 1 17 can be reduced to tiie following single digit: 
1+1 +7 = 9 (eq. la) 

From equation 2. value 27 can be reduced to: 
2 + 7 = 9 (eq. 2a) . 
55 Equations la and 2a result in equal, single digits. 

A greater number of digits and/or larger digits in either the operands or ttie result require iterative 
adding operations eventually resulting in a single digit value. For example, tiie digits of 68,879. added to 
one another results in 38, the sum of the digits of which is 11, tiie sum of tiie digits of which is the single 
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A- ■* o Th.,« three additions of digits are required to reduce 68.879 to an ultimate one digit value. 



shown below. 

Let X = 32 and Y » 42. 

10 32 

x42 
1344 
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1344 = 1+3 + 4+4 = 12 = 1+2 = 3 (eq. 3) » » „ / 

Horizontally. 32 =3 + 2 = 5. and 42 = 4+2 - 6 5x6 - 30 = 3 + 0 - 3 (eq. 4) . 

Equation 3 - Equation 4 ^. . . 

This mathematical principle can be e)ctended to subtraction and division. 
F=or example. 38 divided by 13 results in: 38/13 * 2 remainder 12 

2 + (i2) = 2 + (1+2) = 5 (eq.5) * 
The digits of the dividend reduce as follows: 

38 = 3 + 8 =11 

The digits of the divisor reduce as follows: . 
13 = 1 +3 = 4 . 
11/4 = 2 remainder 3 2 + 3 =» 5 (eq, 6) 

""f^^SeTumbeT t?^^^^ arithmetically manipulated). Further, this prindptecan 

T:s^^<^^^^r^^<^^^-^-^ ^^'^^'y- ™^ - because the cause o 

J^e intrr^ct v^SL^S^in the ALU could continue to generate the same or other erroneous results .f 

'^J'^o.'Z^^X^^ -'^-ions or inaccurate Emetic -arupulation^u.^ 

..en^raT;: does not i^^^^^,:^-^^^^^ Z^^'^T^t rrcr.er^rr.2 
StfsrTs^tiSurto^^SJSrhS^o^nS'SrS^^ a Jparator .ill r.se a sta^ «ag 

'""''SSd^ STS^^Ina original example where two numbers 49 and 68 were added to one anottier. The 
sum^f TJr^ 68^9^68Tli7. Suppose tine resutt generated by a malfunctioning ALU is a number 
Other than 1 17; say. for example, 100. 

49 ■ 
+618 

100(??) 
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55 



^'^i^^^dt^iwiKe present invention, the horizontal addition and reduction of each operand is 



perfonned as follows: 
(xi+X2) + (yi+y2) = 4 + 9 + 8 + 6 = 27 7) 

Subtracting the digits from one another results in: 
xt-xa = 4-9 = -5 
Yi-y2 = 6-8 « -2 
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Adding the results: 
{x,-X2) + (Yt-Y2) = -7 (eq.8) 

Equation 7 - equation 8 results in: 
2x2 + 2y2 - 18 + 16 « 34 
5 X2 +y2 = 17 (eq. 9) 

Equation 7 + equation 8 results in: 
2xi+2yi = 8+12 - 20 
xt +yi « 10 (eq. 10) 

For base 10 additions, the results of equations 9 and 10 resipectively are: 
w carryi(Ci) and (X2 + yz) {i.e.. 7 with 1 carry) 
carry2(C2) and (xi + yi) fi.e.. 0 with 1 carry) 

Thus, (xi +yi> + (X2 +y2) can be represented in tabular form as: 



20 



By shifting the carry location (Ci ) to the left, the tabular result is: 



25 



30 



Eliminating zero values in carry columns (Ci) results in 117, which is the correct result. 
The erroneous result (100) can now be replaced with the true answer (117). without performing the 
same verticai, conventional addition again that resulted in the original error. 

As another example, consider two 3«digit numbers to be added to one another. 



X— ( ^ # Xj ) 

35 \ '^8S6 Y=(yi/y2/y3) 

X + Y 




40 



Assume an ALU arrived at the enroneous result 
X + Y = 1018(7?) 

Horizontal summation of the digits of both operand yields: 
xi +X2+X3+yi +y2 + y3 =4+1+8 + 8 + 5+6 = 32 (eq. 11) 

Selective subtraction of one corresponding digit In each operand yields: 
(xi +X2-x3) + (yi +y2-y3) = (-3) + (7) = 4 (eq. 12a) 
^ (x,-X2 + X3) + (yi-Y2+y3) = (1l) + (9) = 20 (eq. 1^)) ^ 
(-X1 +X2 +x3) + (-yi +y2 +y3) = (5) + (3) - 8 (eq. I2c) 

Equations are subtracted from one another to arrive at column values foir the carry table: 
Eq. 11 - eq. 12a = 2x3 + 2y3 = 28 xa +y3 = 14 (eq. 13a) 
Eq. 11 - eq. 12b = 2x2 + 2y2 = 12 X2 +y2 =6 (eq. 13b) 
Eq. 11 - eq. 12c = 2xi + 2yi = 24 xi +yi = 12 (eq, 13c) 

The tabular form of the sum of each con^sponding digit in the two operands is as follows: 
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Left shifting the carry locations {C2 and C2) yields the following result: 

1 2 0 7 0 4 



Eliminating zero values in cany columns (C2 and C3) results in 1274. which is the conrect result. 

Refening now again to the method and apparatus of the present invention. FIGURE 2 shows a block 
diagram of the enror detection and correction unit 16 (RGURE 1). 

Data line 10 applies DBO signal to a binary to binary coded decimal (BCD) decoder 50, which accepts a 
16-bit signal and converts the binary code therein to BCD values. The BCD decoder 50 operates as a look- 
up table and can be fabricated, as is well known in the art, from any programmable device suitable for this 

purpose. ^ ■ * 

Data signal DBI over line 12, canning a binary value representative of the second operand, is input to a 
data selector device 52 which also accepts a signal from line lS. which signal is representative of the output 
of ALU 14 (FIGURE 1). The data selector 52 is a multiplexer which selects one input signal 12 or the other 
input signal 18 and applies it to another binary to binary coded decimal decoder 54 over 16-blt data line 56. 

The output signals of BCD decoders 50 and 54 are applied to a BCD adder 58 over 20-bit data lines 60 
and 62. respectively. BCD adder 58 is described in greater detail hereinbelow. Output lines 60 and 62 are 
20-bit lines whereas input lines 10. 12 and 18 are 16-bit lines because 16 bits of binary infonmation require 
20 bits when represented in BCD format BCD adder 58 has provision for inputting a carry-in value 59, but 
this is preset and always fixed at level zero for purposes of the present invention. 

The output signal of BCD adder 58 is applied to a 20-bit latch 64 over data line 66. The output signal of 
latch 64 is applied to a BCD to binary decoder 68 over data line 70. 

The output signal of BCD decoder 50 is applied not only to BCD adder 58. as mentioned, but also to a 
data selector 72 over line 74. The output signal of data selector 72 is applied to a BCD compression unit 
76. described in greater detail hereinbelow. over a 20-bit data line 78. Also applied to BCD compression 
unit 76 over a 20-bit data line 80 is the output signal of BCD decoder 54. BCD compression unit 76 has 
provision for inputting a can^-in value 77. but this is preset and always fixed at level zero for purpc^es of 
the present invention. 

BCD compression unit 76 generates a signal which is applied to a latch 82 over 4-fait data line 84. The 
output signal of latch 82, as well as the direct output signal from BCD compression unit 76. is applied to 
comparator 20 over 4-bit data Jines 22 and 24, respectively. As mentioned above, the output signal of 
comparator 20* is applied to data selector 26. The output signal of binary decoder 68 is also applied to data 
selector 26 over 16-bit data line 88. 

Referring now also to RGURE 3, there is shown a block diagram of the BCD adder 58. shown m 
RGURE 2. The input lines to the BCD adder 58 are shown as reference numerals 60 and 62. Each of these 
lines 60 and 62 is a 20-bit data line. The BCD adder 58. therefore, is a 20-bit BCD iadder, the output signal 
of which is generated over data line 66. 

The 20-bit BCD adder 58 comprises five 4-bit BCD adder units 100, 102, 104, 106. 108. The 4rbit units 
100-108 are connected to one another by suitable means known in the art and shown in RGURE 3. They 
are connected to input lines 60 and 62 and to output data line 66. 

Refening now also to FIGURE 4 there is shown a block diagram of the BCD compression unit 76 
(Figure 2)! Binary coded decimal compression unit 76 performs horizontal additions of the digits m each of 
the operands, in accordance with the mathematical principles as hereinabove described. 

The 20-bit data lines 78 and 80 are input into compression unit 76 and are applied over two networics of 
■ signal lines, shown generally as reference numerals 112 and 114 to 20-bit BCD adders 120 and 122. BCD 
compression unit 76 comprises two BCD adders 120 and 122 that are identtcal to the BCD adder 58 shown 
in RGURE Z The difference of operation is based solely on the configuration of the BCD adders 120 and 
122 and their associated networks 112 and 114. 

Moreover, the output signal from each of the BCD adders 120 and 122 is fed back to the data line 
networics 112 and 114. This operation results in output signals c'o-C 19 and C0-C19 of the BCD adders 120 
and 122 respectively, that are representative of a compressed 4-blt output. The compressed signal is 
applied to data selector 124 over the pair of 4-bit data lines 126 and 128. The output signal of data selector 
124 is eventually applied to comparator 20 (FIGURE 2) over 4-blt data line 84. 

Referring now also to FIGURE 5 there is shown a timing diagram in which a clock signal CK has a 
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leading edge shown at reference numeral 101 which occurs when ALU 14 (FIGURE 1) begins arithmetic 
operations. The ALU 14 initiates operation on the operands by means of signal lines 10 and 12. During the 
first half of the CK signal cycle, designated as letter Ain the FIGURE, ALU 14 computes the addition of the 
operands or performs some other arithmetic manipulation. At this time. BCD adder 58 within EDC unit 16 

5 also begins arithmetic operations. Also, BCD compression unit 76 performs a compression operation to 
arrive at a 4-bit compressed value representative of the horizontal sum of both of the operands. 

At point 102, ALU 14 generates an output signal that provides the result of its operation. The output 
signal is generated on data lines 1 8 and 32. During time period B, ALU 14 continues to generate a resultant 
signal output on data lines 18 and 32. 

70 At point 103 in the cycle, the next ALU operation on operands is initiated. 

Shown in the timing diagram of RGURE 5 is a CK signal which is an antiphasai complement of the : 
clock CK cycle. Thus, ALU 14 operates on the basis of the CK cycle whereas EDC subsystem operates on 
the basis of the CK clock cycle. At the end of the positive half of the CK signal, the result of the arithmetic 
operations that occur in ALU 14 are available over data lines 32 and 18 (FIGURE 1). 

75 At point 104, the CK signal cycle is initiated. Point 104 occurs at the same time as point 101. The signal 
representative of tiie value of an operand on data line 10 is input to BCD decoder 50. At the same time, tiie 
operand represented by a signal on data line 12 is enabled onto signal line 56 by means of data selector 

52, portO. ^ 
During time period C. tiie BCD equivalent of the operand on signal line 10 drives signal lines 60 and 74. 
20 providing inputs to BCD adder 58. port A. and data selector 72, port 0. The output signal of data selector 72 
drives signal line 78 and is input to BCD compression unit 76, port B. The BCD equivalent of the operand 
value that is transmitted on data line 56 drives data lines 62 and 80, providing iriput to BCD adder 58. port 
B, and BCD compression unit 76. port A. 

BCD adder 58 computes tine BCD addition of the operands on data line 60 and- 62. The output signal of 
25 BCD adder 58 is transmitted on data line 66, which is then input to latch 64. ttie latch 64 being in a 
transparent mode. BCD compression unit 76 performs tine horizontal BCD addition or otiier arltiimetic 
manipulation of the two operands on data lines 80 and 78. The BCD compression unit 76 generates a signal 
representative of the foregoing arithmetic manipulation over 4-bit data line 84. which is applied to latch 82 In 
a transparent mode. 

30 At point 105 In the CK clock cycle, ttie value representative of the operand on data line 66 is latched by 
latch 64 as output to data line 70 and input to binary decoder 68. The value representative of the operand 
on data line 84 is latched by latch 82, applied to data line 22 and Input to comparator 20. ALU 14 generates 
an output signal over data line 18, which is enabled onto data line 56 by means of data selector 52. port 1. 
A zero operand is enabled onto data line 78 by means of data selector 72, port 1 . 
35 During time period D. ttie BCD equivalent of tiie value representative of the operand on data line 56 
drives data line 80, providing an input to BCD compression unit 76, port A. A zero operand is input to BCD 
compression unit 76, port B. 

BCD compression unit 76 performs the horizontal BCD addition or otiier aritiimetic operation of the 
operands on data lines 80 and 78 generates the 44)it result representative of a single digit on data line 24, 
which is the second input to comparator 20. Binary decoder 58 converts the BCD value representative of 
the operand on data line 70 to its binary equivalent and generates a result on data line 86. the second input 
to data selector 26. 

Also during this time interval D, comparator 20 generates a 1-bit statijs signal onto data lines 30 and 34. 
This status signal represents the result of the comparison of ttie operands on data lines 22 and 24, The 
45 status signal 30 is input to data selector 26. which passes one of ttie operands on data lines 32 and 86 to 
its output data line 36. 

At point 106, the next operation for EDC 16 Is Initiated. The operand on data line 36 and enror flag 34 
are latched into the microprocessor system, not shown. 

It can be seen that BCD compression unit 76 operates twice witiiln one clock cycle, the first time to 
so perform a horizontal adding and compression and tiie second time to perform tiie compression for the 
output of ALU 14. The resultant signals that are applied to data lines 22 and 24, tiierefore. represent the 
compressed value of ttie horizontal and ttie compressed value of the ALU output signals respectively. 
Comparator 20 performs a comparison of ttiese two compressed signals during the latter half of the positive 
half cycle of the CK signal. 

55 Since other modifications and changes varied to fit particular operating requirements and environments 
vinll be apparent to ttiose skilled In ttie art. ttie invention is not considered limited to ttie example chosen for 
purposes of disclosure, and covers ail changes and modifications which do not constitute departures from 
the true spirit and scope of tills invention. 
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1. A method for detecting errors in arithmetic operations of at least two operands, each operand having 
at least one digit, the steps comprising: 

(a) operating on two operands to obtain a result; 

(b) adding the digits of said result to one another: 

(c) repeating step (b) until a first single digit is achieved; 

(d) adding the digits o1 each of said operands to obtain an intermediate sum; 

(e) operating on the digits of said intemiediate sum; 

(f) repeating step (e) until a second single digit is achieved; and 

(g) comparing said first single digit number with said second single digit number and generating 
signal indicative of error if said comparison is unsuccessful. 

2. The method in accordance with Claim 1 wherein said arithmetic operation is addition. 
3 The method in accordance with Claim 1 wherein said arithmetic operation is subtraction. 
4! The method in accordance with Claim 1 wherein said arithmetic operation Is multipljpation and said 

operations on said digits of said intermediate sum is multiplication. [:-':■.• _ 

5 A method for correcting detected errors in an arithmetic operation of at least two operands without 
repeating said aritiimetic operation, each of which operands having at least two digits, wherein eittier one of 
said two digits can be zero, the steps comprising; 

(a) adding the digits of each of said operands to obtain an intermediate sum; 

(b) sequentially subtracting a digit from the partial sum of tfie remaining digits of each of said 
operands and adding tine results of said subtraction for each operand to one anoUier at the end of each 
sequential cycle to obtain a set of arguments; ^ * 

(c) subtracting each of said arguments from said intenmediate sum to obtain a set of partial 
differences, each of said partial differences comprising a least significant digit and a canry digit; 

(d) dividing said partial differences by ttie number of operands; 

(e) concatenating said partial differences to obtain a tiwsitional value; . 

(f) beginning witii tiie least significant carry digit of tiie transitional value, adding the carry digits to 
ttie con-esponding next adjacent digits to obtain a penultimate value; and * . . „ ^. _ 

(g) eliminating all but ttie first and last digits of said penultimate value and eliminating all carry digite 
tiierebetween to obtain a con-ect value of tiie aritiimetic operation. 

6 The metiiod in accordance with Claim 5 wherein said arithmetic operation is addition. 

7 The system in accordance witii Claim 5 wherein said aritiimetic operation is subtraction. 

8 A method for detecting and con-ecting errors in arithmetic operations of at least two operands without 
repeating said aritiimetic operation, each of which operands having at least two digits, wherein eitiier one of 
said two digits can be zero, the steps comprising: 

(a) operating on two operands to obtain a result, 

(b) adding tine digits of said result to one anotiier; 

- (c) repeating step (b) until a first single digit is achieved; 
40 (d) adding tine digits of each of said operands to obtain an intemnediate sum; 

(e) operating on the digits of said intermediate sum; 

(f) repeating step (e) until a second single digit is achieved; 

(g) comparing said first single digit number with said second single digit number to determine 
whettier an aritiimetic operation enror occunred; . z u * 

45 (h) sequentially subtacting a digit from ttie partial sum of tiie remaining digits of each of said 

operands and adding the results of said subti:action for each operand to one anottier at tiie end of each 
sequential cycle to obtain a set of arguments; ^ . . . ^ , 

(I) subtracting each of saud arguments from said intermediate sum to obtain a set of partial 
differences, each of said partial differences comprising a least significant digit and a can^r digit. 
50 Q) dividing said partial differences by ttie number of operands; 

(k) concatenating said partial differences to obtain a transitional value; 

(1) beginning witti ttie least significant carry digit of ttie ti-ansitional value, adding ttie carry digits to 
tiie corresponding next adjacent digrts to obtain a penultimate value; and 

(m) eliminating all but ttie first and last digits of said penultimate value and eliminating ail carry digits 
55 ttierebetween to obtain a con-ect value of ttie aritiimetic operation, so tfiat ttie detection and corection of 

enrors occurs in one clock cycle. 

9 The metiiod in accordance witti Claim 8 wherein said arithmetic operation js addition. 
10, The mettiod in accordance witti Claim 8 wherein said arittimetic operation is subtraction. 
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11. A method of detecting and correcting enrors in an arithmetic operation of at least two operands, the 

steps comprising: . ■ ■ -i 

(a> dBtacHna an arithmetic operation error during a first clocit cycle: and 

(S^Sg^arithmeSc operation error during said first clock cycle without repeating said 

13 The method in accordance with Claim 11 wherein said arithmetc operaton .s subtraction. 

14 A system for detecting errors in arithmetic operations of two operands compnsmg: _ 

(a) Sation means for performing arithmetic operations and for generadng a first ^QJ^^^P^*!!^*^; 

0 tive of L rSults thereof, said calculation means having inputs applied thereto corresponding to each of 

'^'^ °^^o;S"etction means also adapted to receive said inputs corresponding to each of said operands 
and adapted to receive said first signal from said calculation means. _ _ .rt-nted to 

15 The system in acconJance with Claim 14 wherein said error detection '"«ans .s al» adapted to 
,5 oenerate icond. third and fourth signals representative respectively of (.) a compressed ^"^^^l 

V^^^ S. (H) a compressed calculation means first signal, and (Hi) an error corrected value and 

^^"Tcr~0 .rs oSTe; connected to s.d en. ^etecUon means "^d^e 
and s^d third signals therefrom and for generating an error signal if said second and said third signals are 

20 unequal. ^ 

ifi The svstem in accordance with Claim 15 further compnsing: . . . 

id?d^1tI^o^eans adapted to receive said first and said fourth signals and saKl error signal 

and Xtod to'pr^ a sTgnal to determine which of said first or said fourth signals is a valid result of 

« ^^fSe^;^mTact^^rwTcl^ 14 wherein s^d error detec«on means comprises a look-up 

irA^mTr P^:i' sTi^^^^^ of perfom^mg and verifying arithr^etic opera^ons comprisln^^^^ 
a) an ithmetic togic unit (ALU) for receiving signals indicative of operand values, for perfomfiing 
arithmetic operations and for generating a signal representative of the result thereof: _ 
30 (b) a logic subsystem operatively connected to said ALU for receiving said ALU result «gn^ 

therefrSn sa.?Togic subsystem also being adapted to receive signals indicative of operand v^.^to 
^S^^ririTmetic operations thereon, and comprising compression means for ^^^^^^ ^^'^^'^ 
S JSnal represen^ve of said logic subsystem arithmetic operations and into a second signal representa- 

""^VZX^^^ s^d first and said second compressed signals and for generating an 
en-or signal when said first and said second compressed signals are unequal. _ 

processor in accordance with Claim 1 8 wherein said compression means .s ^ '^^'^^ '^'t^.. 
20. The processor In accordance with Claim 18 wherein said compression means is a binary coded 

'""zi^'^eS^^lrin accordance with Claim 19 wherein s^d first - J --"^ ''^"^ *rr bS" 
22 The processor In accordance with Claim 20 wherein said first and said second signals a« ^ir b^^. 
tS^ssot in accordance with Claim 18 wherein said logic subsystem also generates a third 
Signal representative of the correct result of said logic subsystem arithmetic operrtion. - . ^ 

^ 24 ?he processor in accortance with Claim 23 whereby said third signal » generated in the same 
45 Clock cycle as said ALU result signal. 
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@ Apparatus is provided for performing a method 
for detecting and conrecting errors in one cloci< cycle 
that occur during arithmetic operations of at least 
two operands. Specifically, two operands are op- 
erated on to obtain a result. The digits of the result 
are added to one another. This adding step is re- 
peated until a first single digit is achieved. The digits 
of each of the operands are added to one another to 
obtain an intermediate sum. The digits of the inter- 
mediate sum. in turn, are added to one another. 
Once again, this operation is repeated until a second 
single digit is achieved. The first single digit number 
is compared with the second single digit number 
and a signal indicative of error is generated if the 
comparison is unsuccessful. 

In order to correct the error, the digits of each of 
the operands are added to one another to obtain an 
intermediate sum. Sequentially, a digit is subtracted 
from the partial sum of the remaining digits of each 
of the operands. The results of the subtraction for 
each operand are added to one another at the end of 



each sequential cycle to obtain a set of arguments, 
each of which is sulrtracted from the intermediate 
sum to obtain a set of partial differences. The partial 
differences are concatenated to obtain a transitional 
value. By eliminating certain digits, a correct value of 
the arithmetic operation is obtained. 
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